The whole body haematocrit is the proportion of red cell volume to total blood volume and is estimated by measuring red cell and plasma volumes independently. This value differs from the peripheral haematocrit determined on a sample of blood taken from any large vessel of the same subject. The ratio between the two has been termed the F cc n s ratio by Reeve and co-workers (1953) . This phenomenon is commonly attributed to the presence in the microcirculation of blood with relatively fewer cells and more plasma than in the large vessels (Fahraeus, 1929) , and has been fully discussed by Serkes, Lang and Pareira (1965) in an excellent review of blood volume methodology and applications. The constancy of this ratio has been demonstrated by Chaplin, Mollison and Vetter (1953) who found a mean value of 0.910, SD 0.026. Their subjects had a wide range of peripheral haematocrit but were at rest and in a stable circulatory state. We have confirmed their findings in a control series of subjects under similar conditions, finding a mean value of 0.914, SD 0.033 (Heath, Vickers and Dunlap, 1969a) .
Some workers have extrapolated the findings of Chaplin, Mollison and Vetter (1953) to indicate constancy of the F ce n 3 ratio under all conditions (Williams, 1964) . However others, notably Albert (1963) and Smith and Moore (1962) , have postulated variation in the F ce ii s ratio dependent upon the circulatory state. In particular, Chacalos (1963) has shown that changes in small vessel diameter induced by vasoactive drugs alter the proportions of plasma and red cells in such a way that vasoconstriction would be expected to lower the F ce n, ratio. Thus changes in the F ceUs ratio under different circumstances may indicate changes in circulatory distribution, and in a comparison of different transfusion regimes might be a sensitive method of detecting changes not revealed by simple volume measurements.
A knowledge of this ratio is also essential if single tracer dilution volumes are to be converted correctly into blood volume measurements (Heath and Vickers, 1968) . In planning a study involving comparison of a dextran preparation (Macrodex, Pharmacia Ltd.) with stored blood as replacement for operative blood loss, it was thought desirable to establish the comparability of the groups with COMPARISON OF MACRODEX AND STORED BLOOD-II 817 regard to volume transfusion by measuring the blood volume at various times, and since a single tracer technique would be preferred, it was necessary to discover initially whether or not the F ce i ls ratio differed significantly according to treatment group or time of measurements.
METHOD
Red cell volume and plasma volume were measured in fifteen patients by a dual tracer technique, the accuracy and repeatability of which are detailed elsewhere (Heath, Vickers and Dunlap, 1969a) . Four samples were taken over a 15-minute period for each determination, and the whole procedure was performed, (1) after induction of anaesthesia, (2) immediately postoperatively, and (3) two or three days postoperatively. Haematocrits were determined by a high-speed microcentrifuge method in quadruplicate on each of the four samples of each determination of the dilution volumes.
Transfusion therapy was managed according to one of two regimes. In one group, operative blood loss was replaced solely with stored blood; in the other group the first 1000 ml of replacement was with Macrodex. Further details concerning the method of selection of patients and the management of transfusion therapy are given elsewhere (Vickers, Heath and Dunlap, 1969) .
RESULTS
The internal accuracy of the method for red cell and plasma volume measurement was assessed as for the control series (Heath, Vickers and Dunlap, 1969a) . The coefficients of variation of individual measurements for both red cell and plasma volumes were ±3.0 per cent compared with + 2.0 per cent in the control series. Volumes quoted here are the means of four individual measurements, and accuracy can thus be assumed to be better than +3.0 per cent. Table I gives the plasma and red cell volume measurements and the calculated F ccnB ratios in the fifteen patients, on the three occasions. Six patients had their blood loss replaced solely with stored blood. Six received Macrodex as replacement for losses up to 1 litre; two of these patients whose loss exceeded 1 litre also received stored blood. Three patients were judged to have lost insufficient blood to warrant replacement therapy.
The serial findings were compared in groups according to replacement therapy, using Student's t test for paired samples. The statistical findings were as follows:
(1) Patients receiving only stored blood as replacement showed a significant drop in F ce n s ratio between the first and second measurements (mean fall 0.036, P<0.01 -one-tailed ttest) but no significant change between second and third measurements (mean difference +0.013, P=0.6). (2) Patients not receiving any replacement therapy showed a significant but small drop in F cens ratio between the first and second measurements (mean difference 0.029, P<0.05); the rise between second and third measurements was not significant (mean difference +0.047, P=0.3). (3) Patients receiving Macrodex showed no significant change between either the first and second measurements (mean difference + 0.003, P=0.4) or the second and third measurements (mean difference +0.017, P=0.2). When the initial measurements from all the patients were compared with the control series of conscious subjects (Heath, Vickers and Dunlap, 1969a) it was found that the F M n> ratio measured after induction of anaesthesia was less than that of the control series and this small difference was possibly significant (mean difference 0.021, P=0.05).
The peripheral haematocrit values in the three groups of patients are presented in table II; they include seven other patients in whom the F ce n s ratio was not measured. Five patients received postoperative Rheomacrodex infusions as part of their surgical management and one patient had considerable undiagnosed blood loss between the second and third measurements. These patients were omitted from the statistical analysis involving the third measurement because they were not evenly distributed between the groups and would thus bias the results. The serial changes were compared using Student's t test for paired samples. The findings were as follows:
(1) As expected, patients receiving Macrodex showed a significant fall in peripheral haematocrit (mean fall 5.2 per cent,
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BRITISH JOURNAL OF ANAESTHESIA P<0.01). There was, however, no significant change between the second and third measurements (mean difference -0.2 per cent, P=0.9). (2) Less expectedly, patients receiving solely stored blood showed a significant rise in haematocrit between the first and second measurements (mean rise 3.1 per cent, P<0.05). There was a mean fall of 5.7 per cent between the second and third measurements in the three patients not excluded from the analysis.
(3) Patients receiving no replacement showed a non-significant rise in haematocrit between the first and second measurement (mean rise 1.5 per cent, P=0.3). A significant fall took place between the second and third measurements (mean fall 5.7 per cent, P<0.01).
DISCUSSION
The results of this study confirm the opinions of Albert (1963) , Smith and Moore (1962) and Serkes, Lang and Pareira (1965) on the variability of the F ce i] S ratio in the same individual under different circulatory conditions. The fall in F ce n s ratio in those patients whose volume was replaced solely with stored blood and the lack of change in patients receiving Macrodex correlates with the clinical evidence of vasoconstriction (pallor and cyanosis of the skin, and difficulty in sampling from veins in the cubital fossa). This was marked in the former patients and not in the latter. Further evidence of disturbance of circulatory distribution in patients receiving solely stored blood is the increase in peripheral haematocrit over the operative period. This increase is in sharp contrast to the widely held view that adequate replacement of blood loss with stored blood will maintain the haematocrit at near the normal level. Since viscosity is related directly to haematocrit and is also disproportionately increased in shock states, these distributional changes are likely to be deleterious to the circulatory state of the patient in the immediate postoperative period. It seems probable that the sequestration of red cells reported elsewhere (Heath, Vickers and Dunlap, 1969b ) is a reflection of the same circulatory disturbance since this phenomenon will lead to an underestimate of true red cell volume (as opposed to circulating red cell volume) and thus to a reduction in the F oe iis ratio. The differences are of the same order of magnitude and may provide an additional explanation for the changes found. The possibly significant difference between the Foeii,, ratio in patients immediately after induction of anaesthesia when compared with controls appears to conflict both with the suggestion by Albert (1963) that the vasodilatation which occurs at this time would induce a change in the opposite direction, and with the evidence offered by Price, Helrich and Conner (1956) that in fact, no change occurs. However, our control measurements were not performed on the same patients. The patients in this study had all been without fluid intake for at least 6 hours pre-operatively and many of them had also suffered fluid restriction and bed rest for longer periods within the preceding days because of radiological investigations. They may thus have had lower than normal blood volumes and some degree of vasoconstriction and this would account for the lower F co u, ratios than were found in the controls.
Apart from the physiological significance of the findings, they have some importance because of the fundamental involvement of the F ce i, s ratio in the calculation of total blood volume from single tracer dilution studies as performed by semiautomated apparatus such as the Ames Volemetron or the Pitman Blood Volume Computer (Heath and Vickers, 1968) . Falls of the order of 0.05 in the F ce u 8 ratio such as have been found in this study mean that the use of the normal value for the ratio in this calculation will lead to an overestimation of total blood volume. The magnitude of the overestimation will depend on the actual value of the peripheral haematocrit, being about 8.5 per cent at a haematocrit of 40 per cent, and is thus quite likely to be clinically significant.
It must be concluded that research work involving single tracer blood volume estimations should be preceded by dual tracer measurements to determine the values of the F M n 8 ratio appropriate to the population and circulatory conditions of the study. The standard of presentation and of information supplied varies enormously from chapter to chapter. Thus, 25 pages are devoted to the pharmacology of the anticoagulants, but only 6 to hepatic insufficiency, and to sedatives and hypnotics. Nevertheless this volume is a very good attempt to group into one book much of the information necessary for a useful preoperative visit. It is well produced with adequate illustrations and would be a useful addition to a medical library, although it is perhaps not a volume that individuals would care to purchase.
The reviewer has two major points of disagreement with the general production of this volume. Although the preface makes it clear that references to certain standard publications are omitted "because they are listed in so many standard sources used by anesthesiologists and surgeons", this leaves readers in a dilemma when faced with statements, the origins of which are in doubt. The original references to the exaggeration of the effects of alcohol by monoamine oxidase inhibitors, to the weak analgesic properties of codeine and to withdrawal symptoms after pentazocine would have been worth inclusion. The editor's decision not to include a glossary of terms and drug names in a book designed to be widely read outside the United States is regretted. The admirable section on opiateantagonist mixtures would have benefited appreciably by reference to Pethilorfan and to the published work (U.K.) which substantiates the views put forward in this section. The use of the word "narcotic" may cause confusion and should have been explained in a book intended for international circulation.
John W. Dundee
